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ASSOCIATE IK HJUGEHr, JOHNS IIOPKIKl VN1VEEIITY. 

Gentlemen: It is my privilego to bring boforo tho Collcgo this 
evening, os tho Mutter lecture, some of tho results of a series of expori- 
mental observations which relate chiefly to tho intracranial circulation 
as it is influenced by local pathological processes—a subject which, 
from a bibliographical standpoint, is prominently associated, among 
others, with tho names of Halter and of Astley Cooper, of Fluorons 
and Majendio, of Koy and Kctzius, of Loydcn, of Althan, of Kusamaul 
and of Francis Franck, of Naunyn, Mosso, von Borgmann, of Ilorsloy 
and Adatnkiowicz, of Leonard Hill, and, more recently, of Kochor. 

My personal introduction to tho subject was duo to tho interest of 
Professor Kochor, of Bom, and tho investigations os originally under* 
taken nt his suggestion had for their primary objcctivo point tho deter¬ 
mination whether during an increase in intracranial tonsiou tho capil¬ 
laries and smaller bloodvessels of tho brain were dilated from venous 
stasis, or, on tho other hand, whether a condition of capillary anrcmia 
was brought about by such a eta to. 

This question, naturally ono of fundamental importance for tho proper 
explanation of tho phenomena attending states of cerebral compression, 

• This piper, In substance, wo presented before I be College of 1’byilclsns of PhllsdelpbU, 
on December S, 1901. IU experimental basis will appear In Naunyn end Wikullci’s Mittallun* 
gen ausden Grcorgobleten der Med Id n und Chlrurgie, 1901, No. 9. under the tide "FbyiloJo- 
gtsebe und anatomlsche Beobachtungen uber den Klnfliua Ton Hlmkompresdon auf den 
Intracranlellen Krelitanf und uber elnlge hlermll verwandte Eraeholnnngen.” 
tot. 121, ko. irrrxxiiKn, 1902. 
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curiously euougli bos been tho occasion of much disagreement among 
writers. Its elucidation promised to render many of the problems rela¬ 
tive to the symptom-complex of “Hirndruck" much moro easy of 
interpretation. 

Not wishing to trespass too far on your indulgence, it is my intention 
to avoid as far as possible theoretical grounds and the discussion of the 
technical details of the particular experiments, but to dwetl chiefly on 
their bearing toward operative, clinical, and diagnostic procedures. Tho 
brevity of tho hour may be an apology for tho omission of an historical 
r&um<5 of the subject.' 

For the sake of convenience, and in order to avoid confusion from a 
terminology which has been tho occasion of some misunderstanding when 
speaking of cerebral compression, a division into two groups of the causal 
processes of such a state will bo made. The necessity of such a differen¬ 
tiation, according to von Ilergmann, was first emphasized by Grieatnger. 
These groups comprise, on the one hand, processes which occasion, for 
the most part, a local compression of tho brain, with a resultant unequal 
distribution of intracranial tension, in contradistinction to those condi¬ 
tions, on the other hand, which bring about a general compression of the 
central nervous Bystom, with an equal distribution of this tension. On 
clinical grounds, such pathological processes ns a now-growth or abscess, 
a blood clot, or an abnormal and circumsoribed collection of fluid in 
ono part or auother of tho ccrebro-spinnl spaco, illustrate the former 
condition; that Is, subject the brain to tho effects of n local compression, 
A foreign body of this sort within tho enclosing walls of the skull must 
be accommodated at tho expense of tho fluids, vascular and lymphatic, 
which constitute a not inconsiderable proportion of an otherwise incom¬ 
pressible brain mass. Tho practical non-compressibility of tho brain 
tissuo itself since the time of Alexander Munro’s investigations 1ms 
been unquestioned, nnd tho introduction, therefore, of an intracranial 
foreign body is only possible through the emptying of the vascular 
channels in its vicinity. Tho pressure exerted by such a foreign body, 
as will bo seen, is not transmitted equally throughout the cerebral 
chamber, nnd in consequence the circulatory embarrassment in corre¬ 
sponding degree is unevenly felt. 

i An interesting hUloriesl and critical Introduction to the subject of the intracranial circu¬ 
lation will bo found In Mosso’a work (l/ebcr den Krefslaufdcs Dluleiitn menscbltchen Gehlrn, 
Lcipilff, 18S1), and also in Berger's recent monograph (Zur Lchre yonderBlulitrkutaiion In der 
SchldeHrible dea Menichen, Guitar Fischer, Jena, 1W1); and In Leonard llili'a "The Cere¬ 
bral Circulation," T. &, A. Churchill, London, 1S9S. Ito in bU paper (Zur Actlologle undTher- 
apte der Epltepale, Deutsche Zeltschrlft fur Chlrurgle, 1899, Bd. Ill, B. 489) gives a most complete 
liat of bibliographical references; and moro recently ron Bergmann (Der Hirndruck und die 
Operatlouen wegen Hirndruck, Handbucb der praktlschcn Chlrurgle, 1900, Bd. 1.8.189) and 
KocbcrfUtmerichuttcrung, Hirndruck, u.i. w, Noth nagel’i Specie! le Balhologle und Thera pie, 
190I.Bd.lx.SThell,2 Abthellung, 8.81) hare critically reviewed the subject of the circulation 
In slates of com press! on from the eiperimental and pathological iland joint. 
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In the second group of processes, nntnoly, those associated with gen* 
eral tympmtion, the intraoranlal tension may bo considered to bo 
equalized throughout the cerebral chamber, and in certain instances, 
indeed, over tho entire central nervous system, Thoso traumatic cases 
followed by acute cerebral oedema, which Cannon and Bullard havo 
recently ascribed to alterations in osmotio pressure—cases of acuto 
hydrocephalus, cases of generalized meningitis, of hemorrhage into tho 
subdural spaces from fracture of the base—processes such as thoso, 
chiefly ones in which tho pressure is transmitted primarily through 
tho fluid contents of tho cerebro-spinal Bpaces,may bo given in illustra¬ 
tion of states associated with a general hicreaso in intracranial tension. 

Now it is not difficult to simulate experimentally tho conditions pro¬ 
duced by these two forms of compression, and I will ondeavor to Illus¬ 
trate as briefly as possible tho simple laboratory apparatus which has 
been employed to this end, as well as the motliod of direct observation 
of tho cortical circulation during the experiments. 

As early as 1811 Kavina, an Italian experimenter, in the attempt to 
demonstrate tho pulsation of tho brain within the enclosed cranium, 
inserted a glass window in tho skull for this purpose. Dondera subse¬ 
quently, In 1851, employed a similar method, as did lator on Kusamaul 
and Tenner in their attempt to disprove tho so-called Monro-Kellie 
doctrino that tho total amount of blood in tho brain cannot vary with 
an intact skull. Although theso observations are often quoted, tho 
method used seems to have fallen into aboyanco, and I am unawaro 
that the procedure lias been utilized in tho study of circulatory changes 
during compression. It must bo confessed that considerable skepticism 
was felt as to Its practicability, but as a matter of fact it was through 
this method that mo 3 t important corroboratory ovldonco of tho vascular 
alterations during tho experiments was obtained by Immediate observa¬ 
tion of the pin] circulation. 

An ideal window, doubtless, would bo ono which could bo screwed 
into tho trephine opening mado for its reception; but as tho simplo 
provisional method which was first employed sufficed for all purposes, 
it was rotainod. It consists simply of a circular disk of glass with a 
lie veiled edge made to fit into a large trephlno opening, and held in plnco 
by two screws with flattened ends so bent that tlioy hook under tho 
edges of the opening. Undor tho trephino opening a small area of 
dura is removed sufficient in oxtent to expose tho plftl vessels over- 
lying a convolution and at tho same time an adjoining sulcus with 
its contained venous radicle. As a rulo, also, tho trephino opening in 
the bouo has been mado so as to overlap tho median line, in order to 
oxpose the longitudinal sinus, to ono sldo of which tho opening in tho 
dura has necessarily heou made. (Fig. 1.) The' window, though not 
hermetically soalod, nevertheless answers tho samo purposo ns such a 
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one, since uii increase of tension Hosts the dura up against the glass in 
vnlve-liko fashion. 

In a great number of my exporimonts, drawings of the oxposed area 
of the cortox during different stages of compression were carefully made 
In color, usually with the help of ft low-power lens. This was necessary 
In order to fix in the rulud’s eyo tho ndnutlro of the smaller vessels and 
the ground-color of the brain. Only by such observation was it pos¬ 
sible to carry ft mental picture of the topography of the flno radicles, 
nnd consequently to observe accurately the time of their appearanco 
and disappearance from the field of vision. (Sec Plate, Fig. A.) 

For tho production of local compression tho particular form of appa¬ 
ratus omploycd was similar to that used by Horsloyand Spencer in their 

experiments, and I believe originally adopted from Frnnyois Franck. 


Flo. l. 



J'lagram showing Iho cranial:window In place, fU relation to the longitudinal ilnus, 
and the opening In the dnra. 


It consists of a double canula, tho outer metal portion of which can bo 
ecrotvcd into a trephine opening in the skull. Into this is inserted a 
second canuln, tho outer end of which communicates, by means of a 
heavy rubber tube of small bore, with a burette of quicksilver. To 
its Innor or cranial end is attached n thin distensible rubber bag. 
(Figs. 2 and 3.) 

By flitch nu nrningomont can bo told not only the extent of encroach¬ 
ment upon the Intracranial spaco by measurement of the amount of 
raorcury allowed to enter tho bag, but also can be told the degree of 
pressure necessary to evoko certain symptoms and to produco certain 
circulatory changes by the measurement of the height abovo tho brain 
of tho column of mercury in tho burette. Lot us suppose that this appa¬ 
ratus has been so introduced that pressure resultant to filling of the 
hag will act directly against the hemisphere without exciting sensory 
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impulse* from the stimulation of an interposed dura, a momhrauo 
which in tho dog is especially sensitive. Tho first effect which will ho 

Fin. a. 


Scmnchtmittc representImi of llie inelhnd of producing IdmI compre^oii. 



Fig. S. 



Photograph itvmtng the cerebral window and local companion apparalui In place 
during an experiment. 

seen to follow upon a moderate degree of compression will he a slight 
dislocation of tho entiro hrain mass and a distinct widening of tho 
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smaller venous radicles exposed under tho window. They at the sumo 
time bccomo darkor in color, so that their differentiation from the arte¬ 
ries is no longer ns difficult as it is in tho normal state. As tho she of 
tho foreign body increases, this venous stasis becomes apparent at 
remote portions of tho brain, and it can bo readily made out in the 
oyo-grounds, where it seems usually to bo moro marked on the side of 
the compromising body. If tho distention of tho bag is further increased 
the intracraninl tension in its vicinity finally reaches that of capillary 
pressure, at which timo tho convolutions of^ the brain not only in tbo 
neighborhood of the foreign body, but if the process is still further 
advanced even in remote parts of tho hemisphere, abruptly lose their 
rosy color and become blanched. (See Plato, Pig. B.) Tho veins 
mean while remain filled with dark blood, whoso means of escapo Beems 
to have been cut off, as it were, at both ends. Now, such a condition 
of nnremia of tho hemispheres nmy bo brought about, in tho dog at all 
events, with but little evidence of tho so-called major symptoms of 
compression. Thore usually is somo slowing of the pulse and altera¬ 
tion in respiration, but tho tolerance which an animal shows toward 
such an interruption of circulation in tho hemispheres evidences the fact 
that tho medulla 1ms largely escaped from tho effects of tho local 
compression.' 

Thus, as Horsley mid Spencer, Hill, and otliors lmve emphasized, the 
brain docs not transmit pressure equally in all directions, and so tho 
symptoms resultant to a compression forco of a local process vary 
greatly in accordance with tho proximity of tho compromising body to 
tho vital centres of tho fourth ventricle or to its remoteness from them. 
This ruto applies to local pathological processes as well as to experi¬ 
mental ones in tho laboratory. The counterpart, furthermore, of tho 
laboratory experience is rcgulnrly seen on the clinical operating-table 
during the procedure of tho elevation of a lobo of tho brain such as 
that necessary for tho removal of the Gasserian ganglion. Tho nar¬ 
rowing of tho intracranial apaco resultant to the extensive compression 
and elevation of tho tomporal lobo at such times is productive merely 
of a slight slowing of pulse, with compensatory rlso in blood-pressure, 
due to a condition of intracranial venous stasis, Such a degree of 
compression ns is necessary to oxpose tho ganglion, if transmitted to the 
medulla, would naturally ho rapidly fatal. If, therefore, in clinieni 


t Thy degree to which a downward dislocation of the hind brain through tbo foramen mag¬ 
num may account for tbUwcapo cannot be absolutely determined. That It may play tome 
i-art In certain animals with conical skulls, lucb as rabbits and do**, li quite possible, and 
attention ha* been called to Ihli fact by Hill. On frown sections of brains which hare been 
hardened fu titu under such circumstances It can bo readily teen that Iho medulla may bo 
dislocated to a considerable extent Into tho spinal canal. A similar dislocation I have seen to 
1* present In flight degree Its a human brain In a case In which a cerebellar cyit had Anally 
caused fatal compression. 
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states Boruo specialized centres or systems of neurouea aro uot com* 
promised by such a local compressing forco, evidenco of whoso presence 
would thus bo afforded by paralyses of ouo form or another, tho cero- 
bral chamber may harbor n foreign body of ouo*tonth to ono-eighth tho 
size of the brain without necessarily giving an indication of its presouco 
and far from producing any of the so-called characteristic or major 
symptoms of compression. The venous stABis, howevor, which we havo 
seen to bo caused liy such a condition naturally may account for somo 
degree of apathy or stupor which usually accompanies it, and atso may 
serve to explain tho oarly congestion and widening of tho veins of the 
fundus—tho primary stage of the 11 StauungspnplUo” of tho Germans 
—in accordance with tho original view of von Gracfo. The symptoms 
produced by conditions of local compression, consequently, in bo far as 
tlmy aro secondary to circulatory alterations, can bo scon to bo dependent 
entirely upon tho position of tho foreign body, what areas arc involved 
in the local anosmia, and how far-reaching aro tho congestion effects. 1 

Owing to tho irregularity, therefore, of these symptoms which this local 
method called out, and inasmuch as tho data which wo chiefly desired 
concerned tho accurate degreo of compression to which tho medulla was 
subjected during tho production of given symptoms, it was determined 
to employ some method of producing a genoral and equalized means 
of compression. In this way alone did there seem to bo a possibility of 
accurately comparing the distinctive and peculiar symptom-complex of 
“Hirndruck” with tho local degreo of compressing force about tho bulb. 
Such a " general compression ” was produced experimentally by allow¬ 
ing normal salt solution, warmed to body temporature, to ontor the 
ccrebro-spinal apaco through a canula screwed into ono part or another 
of tho skull or in tho lamina of ono of tho vortebne. As a mnttor of 


i According to the most recent view of v. Berguunn, If we lulerpret It correctly, all tho 
symptoms of cerebral compression (•' Hlrndruck " In his sense) are due to the passive Tcnout 
congestion which, a* we have seen, Is brought about by the pressure exerted by a foreign body. 
He believes, furthermore, that this pressure Is transmitted equally over the entire central ner- 
vouisystem through the medium of the cerebrospinal fluid, and consequently for equal degree* 
of compressing force, even In the case of a circumscribed body, that symptoms practically of 
equal severity would be evoked. With this view my ex pert menu are not entirely In accoid, 
II Is possible that In some cases or local compression the escape of cerebrospinal fluid by Its 
natural channels may bo Interfered with owing to the dislocation or the brain from Its normal 
position and tho consequent obstruction of these channels of exit. Under circumstance* ‘J™ 1 
as these UUIfUO that tho IocaI compression effects may bo more evenly and widely distributed. 
In the majority of case*, however, this docs not seem to bo tho caso, and sovero compression 
effects may bo felt locally, and little, If at all, in remote territories where measurement shows 
that the tension of the cerebrospinal fluid may bo but little raised. Although agreeing In 
general with somo of the principles brought forward by Ada mklewlcx. a dispute In terminology 
over lllrndruck " versus *• Druck itn Gehlru," seems rather meaulnglcss. The writer Inclines 
to the generally accepted view that the phenomena of compression aro responsible to clrcu- 
lalory changes rather than to direct alterations In the ncrve tlssue elements themselves from 
the compromising body as Adamklewlc* claims. In the states of general compression, In the 
sense in which wo have used tho term, conditions exist analogous (o.tboio claimed by v. Berg- 
maun for all state* of compression, but tho process, however, must go on beyond one of venous 
itssis to one of vascular anamU before the terminal symptoms of compression aro produced. 
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fuel, it wan found to be immaterial, an far an the production of given 
symptoms was concerned, over what part of tbe central nervous system 
the fluid was primarily introduced, whether over the hemisphere, cere¬ 
bellum, or cord. This fluid was allowed to enter through a rubber tube 
connected with a pressure flask, and would spread to all parts of the 
cercbro-spinal space. The tension under which it stood was regulated 
by tho degreo of elevation of the flask, and this was recorded at the 
samo tirao on a revolving drum by the insertion of a mercury man¬ 
ometer in tho course of tho tube, in exactly the samo way as the arte¬ 
rial pressure was recorded, TIiub tho blood-pressure and intracranial 
tension were written from tho same abscissa, as is shown In tho given 
chart, 1 (Fig, 4.) 

Now there are certain objections which havo been raised ngaiust tho 
experimental production of an increase of tension by this method, In 
tho first placo, according to Adamkiewicz,* such a rapid escape of the 
compression fluid would tako place by tho normal channels of exit from 
tho corebro-spinal space that there would bo a resultant overfilling of 
tho right heart. Furthermore, it is objected that this escape of fluid 
would he incompatible with tho continuauco of an equalized distribu¬ 
tion of pressure or ono which is truly represented by the height of tho 
pressure-flask, 

As a matter of fact, measurement of the amount of fluid lost shows 
that it is not great, from 60 c,c, to 100 c.c. during a long period of com¬ 
pression—possibly of half au hour—which certainly is not enough to 
ombarras 3 tho cardiac action in tho slightest degreo. From many 
observations which I havo made, however, there can be no doubt, in 
agreement with Adamkiewicz, but that there exists very free commu* 
ideation between tho cerebro-spinnl space and the longitudinal sinus, 
Tho original hypothesis offered by Koy and IletziuB, that the Pacchi¬ 
onian granulations subserve some purpose of filtration, can hardly bo 
entertained; for though tho points of exit of the fluid undoubtedly are 
hi tho situation of the lacuna latcrales of tho sinus, into which these 
granulations for tho most part project, their absence in the infant and 
in tho lower anlmnls would of itself bo sufficient objection to this theory.* 

Wlmtovor tho nature of these openings may be, or wherever their 
situation, they cortainly are of considerable size and apparently possess 

1 A great number of these charts, whose rcproducUon Is Impossible here, were shown for 
purposes of demo nil ration. A fragment from a ilngle one of them, taken on a slowly revolv¬ 
ing kymograph, acoompautca thla article, 

* Neurologlicbea Centralblatt, 1807, No. 10, to*, xvl. 8.451. 

* Tho writer hat had the opportunity in Prof, Bherriugton’i laboratory of performing hemt- 
craoleclorny and of turning down the hemisphere for tho purpoeeof stimulating tbe medal 
surface of tho bmln in the case of several anthropoid apea: gorilla, orang-outang, and chim¬ 
panzee. In no imtanco waa there evidence of vill® from the arachnoid proJecUng Into the 
dura In the neighborhood of the alnut and causing difficulty of separation of the hemisphere at 
this situation, as Is Invariably the rase (n adult man. 
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n valvular actiou. The process is uot a mere filtration through a mem* 
bratic. This Is readily shown ex|>eriuientally by the fact that an injec¬ 
tion mass entered, for example, in the lumbar meninges, may be easily 
made to pass from the cerebrospinal space into the longitudinal sinus, 
and thence through tho jugulars into the right heart. An injection in 
tho opposite direction by way of tho veins novor, or but exceptionally 
and in small amounts, gets into the cerebro-spinal space. 

Tho freedom of the communication of the subdural space with the 
sinus is demonstrated, furthermore, by the substances which will pass 
from ono to tho other. If, ns occasionally happened during my experi¬ 
ments with local compression, tho rubber pressure-bag containing mer¬ 
cury should rupture, and the globules of quicksilver enter tho subdural 
space, they will bo found distributed in the sinus, the jugulars, in the 
right heart, and throughout tho lungs. I havo frequently corroborated 
this experience on the human body by injecting mercury into the 
lumbar meninges, post-mortem. If the head bo Inverted, the skull 
trephined in the median line, and tho longitudinal sinus opened, the 
mercury will be seen to pass readily from tho subdural spaco Into tho 
sinus. To illustrate further: on many occasions the attempt was made 
to produce gcnornl compression by tho introduction of gases under 
pressure instead of using tho salt solution ns abovo described. Were the 
gas a non-absorbable one, the animals would quickly die of cardiac air* 
embolism; and if the jugulars were exposed, bubbles of it could be seen 
pouring down toward tho heart. Exposure of the cervical lymphatics 
and of tho thoracic duct, on the other hand, showed in all instances a 
completo freedom from gas. 

Contrary to the general beliof, the longitudinal sinus, in the dog at 
all ovents, may he completely collapsed by an inorease of intracranial 
tension. This may play an important part in the prevention of the 
escapo of corebro-spinal fluid under conditions such as tho experimental 
ones of which we aro speaking. It is well recognized in clinical states 
that tho obstruction to the outflow of fluid, bo it hold back In the 
ventricle by blocking of tho foramen of Majendlo, or in the subdural 
spaco by Inflammatory obstruction of those oriflees which lead Into the 
sinus, is especially prone to bo associated with pressure phenomena. 
Tho escape of fluid under normal circumstances in the adult, whether 
by tho olfactory, optic, or spinal nerve sheaths, plays a relatively 
inconspicuous rOle. 

Waiving theso objections, therefore, ns without consequence, let us 
suppose, for example, that tho artificial cerobro-spinal fluid bo allowed 
to enter, by menus of such an arrangement ns has been described, through 
a trephine opening in tho arch of tho atlas under which the dura and 
arachnoid sheaths havo been opened. From its proximity to the for¬ 
amen magnum tills would allow tho fluid to spread easily up over tho 
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brain by way of the cisterim inngiin, and the full degree of pressure 
would bo felt in tbo immediate neighborhood of tho medulla. Now, In 
case of an increaso of tension under such circumstances as this, vascular 
alterations similar to those which wo have seen to follow upon tho local 
compression may be observed by direct inspection of tho cortex 
alterations, however, much more regular in their appearance, ami doubt* 
lees of corresponding degree, over tho entire central nervous system. 
There occurs, primarily, evidence of Btasis, with widening of tho venous 
radicals and a marked color differentiation between tho smaller veins 
and arteries. There also may bo detected a distinct bluing of tho rosy 
ground-color of tho oxposed convolution, Similarly, evidences of venous 
Btasis may, in favorable cases, bo made out in the fundus oculi. Tho 
oyes themselves become staring and prominent from a retrobulbar 
redemn, which soon spreads to the lids, and which is duo to tho escape 
of tho compressing fluid along tho optic sheath. This hydrops vaghue 
nervi optici may nccoutuate, although I do not believe, in accordance 
with tho theory of Mams, Schmidt, and others, that it is of Itself 
responsible for tho symptoms of tho M Stnuungspapille.” It would 
seem, howovor, to play some part in the production of an oxophthalmos, 
As the pressure is increased tho longitudinal sinus wavors, narrows, 
and, from being a broad, liluo band across the Add of the window, thins 
until it is completely collapsed. Zdglcr has brought forth exporimental 
evidenco to show that during an increase of intracranial tension tho 
venous pressure in the sinus sag'ittalis is raised. Evidently, therefore, 
at somo period during an early stogo of compression somo interference 
with tho outflow of blood is brought about. Completo compressibility, 
however, of the sinus has been heretofore uniformly denied, 

If I may bo permitted a Blight digression in order to speak for a 
moment of tho anatomy of tho venous circulation of tho dog’s brain, 
this compression of tho sinus and the place where tho cerebral veins 
themselves become obstructed may bo modo more dear. Tho largo 
venous radicals which gather tho blood from the hemisphere (tho supe¬ 
rior cerebral ones will be taken as a typo of all others) come to Ho in 
tho sulci, whore they are largely protected from pressure, Only in par¬ 
ticular places do they depart from this protection in order to pass over 
the convex surfaco of a convolution. This occurs regularly nt tho supe¬ 
rior longitudinal convolution, which they cross before emptying into tho 
sinus sagittalis. At this point the veins scorn to bo especially subjected 
to the effects of compression, Thoy enter Into tho sinus, for tho most 
part, obliquely through long slits in the dura, which possoss a valve¬ 
like action, so that an increase of tension In the sinus is not transmitted 
to the veins, and consequently an injection into tho sinus, as we have 
stated, will ordinarily not pass back into them, Tho superior cerebral 
veins, furthermore, before entering the sinus, bifurcate, ono largo branch 
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entering the diploe to join tho diploStio sinus, tho othor branoh contin¬ 
uing on into the sinus sagittalis, If the sinus becomes compressed the 
escape of blood may take place in large amount by way of the diploe. 
These diploetio sinuses in the dog are very regularly and symmetrically 
placed, 1 and may accommodate, presumably, the entire bulk of the 
venous blood from the hemispheres. Although much moro developed 
in canine skulls, presumably sinuses of similar import exist in many 
cases ill tho calvarium of man, and under conditions of increased intra¬ 
cranial tension tho venous pressure transmitted to them may bo greatly 
iucrcased. It is tho oxperionco of all operators to have encountered 
cases in which a craniotomy has met with an almost uncontrollablo 
hemorrhage from tho diploetio veins. In somo cases of tumor, for ex¬ 
ample, with an associated great increase in intracranial tension, tho 
resultant increase of pressure in tho veins may be so great that tho 
bleeding from tho diploe is checked with difficulty and only by plug¬ 
ging the openings in the bone. 

IjCt us return once moro after this digression to our experiment. Dur¬ 
ing this early period of venous stasis, clinical indications of intracranial 
mischief doubtless would be present not only from tho ovidenco fur¬ 
nished by tho dilatation of vessels in tho eye-grounds, but also from tho 
mental drowsiness, apathy, or stupor which this amount of increased 
tension would produce. Tho major and characteristic symptoms of com¬ 
pression, however, are not evoked until a later period, As can bo seen 
by comparison with many of these charts beforo you, tho preasuro of 
tho fluid against tho brain may be increased to tho point of Its equal¬ 
ling blood-pressure before any symptoms referablo to the centres in tho 
medulla may be called forth. Doubtless tho pre-oxiaing venous stasis 
may in somo instauccs be productive of n vngus irritation, with some 
slowing of tho pulse, indicating a nutritional disturbance of the vagal 
centre; but experimental evidence goes to show that the flow of blood 
through tho vascular channels under these circumstauces of stasis is no 
less than beforo, tho increaso of vouous pressure being carried baok so 
that tho blood flows through tho vessels as it might through rigid tubes. 
It is not until tho degree of compression approximates that of blood- 
pressure—that is, until a condition of aiuemla is approached or pro¬ 
duced—that tho major features of tho pressure symptom-coniplox are 
called forth. It has usually been stated by investigators that such a 
degree of compression, if held, will occasion the death of tho animal. 
Tho actual sequence of events does not seem to have been appreciated, 
for tho reason that there has been no comparative measurement of the 
blood-pressure and tho degree of intracranial tension in so far as the 
effects of the latter are felt in the region of tho medulla. 

• Drawing* of these ilmiaes are given In the Mlttellungen ana dein Orenzgeblete der Medlzin 
»nd Chlrnrgle. I/>0. dl. 
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Tho direct examination of the cortex at this period of equalization of 
blood-pressure and intracranial tension shows, os would bo expected, an 
abrupt blanching of the oxpoaed convolution. Its rosy color becomes 
of a grayish-yellow hue, and though tho pulsating arteries themselves 
may be seen against this pale background, and tho dark-blue veins in 
the sulci remain filled with blood, little if nuy circulation presumably 
passes between them. A corresponding degree of anrcmla undor theso 
circumstances of " general compression ** is present In tho medulla, and 
tho centres are poorly, if at all, supplied with blood. 

Now, the usual consequence of this condition is not death, ns commonly 
stated, but a stimulation of the vasomotor centre, which occasions a rise 
of blood-pressure sufficient to overcome tho high intracranial tension. 
At the same time, through the cerebral window tho rosy color can be 
seen to return again to tho blanched convolution. Tho centres are 
onco more nourished. Itespiration, which may lmvo ceased, is resumed, 
and the circulation by this regulatory mechanism has become re-estab¬ 
lished. If, after such a readjustment has taken place, tho Intracranial 
tension bo once more increased and carried up to the point of again 
producing amomia by exceeding the arterial tension, tho blood-proesuro 
once more rises, in its turn, to tho point of oxcccding tho intracranial 
tension; so the process may he continued until tho arterial pressure Iw 
forced to two or more times its normal level. The reaction Is illus¬ 
trated, in ouo way or another, in all of those charts, in somo instances 
the pressure being held for a time as high as 250 mm. of mercury with¬ 
out ovhlonco of vasomotor failure. As can he seen, on diminution of 
the tension tho ox act reverse of tho process takes place, tho blood* 
pressure taking a drop of a corresponding number of millimetres of 
mercury, always tending to remain, liowovcr, at a lovol which provonU 
tho occurrence of anaemia at the bulbar centres. 

I have endeavored to dcseribo this reaction in its simplest form, and 
beforo speaking of tho many variations which occur, let us sco wlmt is 
the physiological action of this response. Tho mcohanism which calls 
it into play is not a difficult ono to demonstreto in our animal oxperl- 
menu. If, In the first place, by division of both vagi wo throw out of 
aetion their influence on blood-pressuro and pulse-rate, and so eliminnto 
the Inhibitory notion which stimulation of tho vagal centre otherwise 
would occasion, the blood-pressure and the degree of intracranial ten¬ 
sion, as the charts show, follow one another with even greater regularity 
than before. Tho vague response, indeed, undor other circumstances is 
apt to mask this simple vasomotor reaction. 

If, agala, tho spinal cord bo divided abovo tho level of departure of 
the sympnthotic nerves to the abdominal viscera, and thus tho vaso¬ 
motor control of tho groat splanchnio area bo lost, and thon cerebral 
compression bo made, only tho vagus effect will bo produced, with n 

tor, 121. (to. S,— flfrTRHRRR, 1 MW. 



388 OU8HINO: INTRACRANIAL tension. 

slowing of tlio pulse, hut with no riso of blood-pressure whntcvcr. If 
both vagi ami coni arc divided thore is no alteration whatever in either 
pulse or hlood-pressuro on increasing intracranial tension. 1 

Similarly on cocainizing the medullary centres, ami thus in another 
way throwing out of action both the vagus and vasomotor centres, the 
blood-pressuro will immediately fall, and an inereaso of intracranial 
tension will not occasion the usual riso in blood-pressure—at all events, 
not until tho cocaino effect has completely worn nway. [A scries of 
charts aro hero reproduced (Figs, f>-9) to show this reaction.] That 


Figs. Cli at is from * compression experiment on a mbbit (April, 1901), «bow log the 

effect*of coc&ihlutioii of tbo medulla in counteracting Ibo usual blood-pressure response. 
Charts to bo road from left to right. They are considerably and unequally reduced In tire. 
A. Respiration which, after eocalnlration of medulla (Fig. 2), Is continued by artificial means, 
ft. Blood pressure from femoral, r. Zero abscissa for both blood-pressure and Intracranial 
tension The line is written by the |cn recording the manometer level of the latter, ft. Time. 




Flo. 5.—Oeneral compression experiment on a rabbit. Shows normal compression reaction. 
On • gradual Inereaso of Intracranial tension (C) to exoced tho original arterial tension (ft) 
tho Utter rises sufficiently to omcomo the former. The pulso-rate is not effected, and the 
respiration continue*. (Koto that tho pen recording Intracranial tension {(7) writes about 
cm. ahead of the blood-pressuto pen (ft).) On towering the pressure f!uk to zero level the 
blood-pressure returns to Us normal level, 


i Charts illustrative of these reactions have been given in the Johns Hopkins Hospital Bulle¬ 
tin, 1901, vol. xtl. p. 200. 
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Artificial Reti>iniUon 







Fio, 8 ihow* effect* upon blood-pressure In the same animal of an Injection of cocaine Into 
the neighborhood of the foutih ventrlcle-an Immediate para trill of restoration, with fall In 


panted by no response on the pari of the vasomotor centre. (This figure t» reduced consider- 
ably more than tne following one*). 




i) Timt: i See. 


Fro. 7. ihowlng blood-pressure (B) at Its "para]y*Ii level,” M mm. or mercury, owing o 
vasomotor failure due to oocalnlsallon of centre, A great Increase of Intracranial tension (U) 
equal to 172 mm. of mercury does not affect blood-pressure to any appreciable degree. 
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Kin. a,—Sutiu 1 animal one-half Imnr later. Slight rtsjiotise oti part or blonU-prcMlire {l)\ to 
great Incream of Intracranial tension (O 


tho mechanism is largely due to the vascular control of the great 
splanchnic field can be readily appreciated during an experiment by 
the exposure of n loop of intestine. Tho mesenteric and intestinal 
vessels can bo plainly seen to diminish in calibro during the great riso 
in blood-pressure, and to dilate again with the fall that occurs in asso¬ 
ciation with tho release of tho brain from tho compression. 

Now there nro certain irregularities of interest, but of which I have 
avoided mention lest they confuse the description of this main under¬ 
lying reaction. If, for example, tho intracranial tension is mddtnly 
brought to the point of equalling or of oxcecding the blood-pressure, 
thcro ensue evidences of u pronounced vagus stimulation, usually with 
a complete checking or “ Btillstand ” of the heart, lasting at times over 
n period of thirty seconds and often associated with tho production of 
spasms of the Kussmnul-Tenner typo. If the procure is held, however, 
there is finally a gradual releaso from this extreme VAgus inhibition, 
tho hcnrt-lieat slowly returns perhaps to its normal rate, and tho Mood- 
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Fio. 9.-One liour later. Cocaine effbet* wearing away. Mood-preuure rcaponw to 
Incrme of tension more apparent. 

pressure gradually ascends to or nbovo its necessary love). Under condi* 
tions which presumably correspond more closely to tho majority of thoso 
occurring in clinical states, in which there is a very much more gradual 
increase of tension, such a pronounced vagal irritation may bo Avoided, 
and tho rise of blood-pressuro will occur in anticipation of that degree 
of compression which would otherwise equal or exceed it, and so bring 
nbout a condition of nntemin of tho bulb. Thus in many of tho observa¬ 
tions represented by thcao charts, by slowly Increasing tho intracranial 
tension, oven though it ultimately bo carried far above that correspond¬ 
ing to tho original level of tho blood-pressure, wo hnvo been ablo to 
avoid (as shown by tho curves and as corroborated by tho viow through 
tho cerebral window) any period of circulatory interruption in tho 
medulla. (See Fig. 4.) Only exceptionally, howover, has it been 
possible to obtain this vasomotor response in a fresh animal without 
sufficient circulatory disturbance in tho neighborhood of tho bulb to 
produce some slowing of tho pulso and respiration. Usually, when 
the compression is occasioned with comparative rapidity (from eight to 
ten minutes, for oxamplo) symptoms aro produced that are tho oxpcri* 
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mental counterpart of tlio <lcep, stertorous respiration, slow vugus 
pulse, and high blood-pressure which we sec clinically in corresponding 
coses. 

Observations which wo havo been enabled to make on an occasional 
caso of fracture of the base in which hemorrhage has occurred Into 
tho subdural spaces have given us exact clinical corroboration of the 
experimental reactions. If in theso cases it lias been impossible to 
relieve the intracranial tension by the removal of a wide area of bone, 
a eireuhu t ntiosiu of symptoms is established in the following way. 
There is, in the first place, on iucreaso of intracranial tension from the 
offused blood. When this becomes sufficient in amount to embarrass 
tho circulatory conditions at tho medulla the familiar clinical picture 
is displayed, with tlio slowing of pulso and respiration, and tho high, 
bounding, incompressible, peripheral artery, whose tension can be meas¬ 
ured, at times, almost at 300 mm. of mercury, This rise in blood- 
pressure, which under all circumstances is a conservative one, for the 
furtherance of a proper nutritional supply to the vital centres, here 
suffices merely to increaso tho intracranial bleeding, and thus in a still 
greater degree to increase tho tension which has primarily evoked tho 
response. Under such circumstances the vasomotor centre rapidly 
fails. 

Another characteristic, which many of these blood-pressure curves 
show whon tho vasomotor centre is straining to overcome tho condition 
tending to produce bulbar nnremin, is that of a rhythmic or wave-like 
variation in pressure— tho well-known Traubc-IIcring waves—tho causa¬ 
tion of which 1ms been tlio occnsion of much dispute. In theso instances 
It can ho scon that tho crests of tho waves riso nbovo and their hollows 
fall bolow tho lovel of the intracranial tension. Examination of tho 
circulatory condition of tho brain through tho window at tho time of 
their production shows that an interval of cerebral nmcmla corresponds 
to tho low-pressure stngo of tlio wave, whereas a condition of active 
capillary circulation rides on their crests. Theso circumstances are 
well shown on many of these charts taken during stages of general com¬ 
pression experiments. When tho compression oxcccda the blood-pressure 
nnrcmia ensues; tho vasomotor centre is stimulated ; the blood-pressure, 
rises in theso coses higher than is necessary to readjust tho circulation ; 
tho bulb is well supplied with blood — jmrhaps too well—and is hyper- 
lumic; tho stimulated contre relaxes to too great a degree; the arterial 
pressure falls below the lovel at which blood can enter tho compressed 
vessels; tho medulla once more becomes amende. Thus the centre Is 
again stimulated, and so tho process is repeated imlcfinitely. Theso 
rhythmic waves, furthermore, in many of t these charts can bo seen to 
follow tho general level of blood-pressure a3 this is raised or lowered by 
alteration In tho degreo of intracranial tension. 
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It is quite possible that these rliythmio activities are uothing more 
than an exaggeration of the normal rhythmio waves of blood-pressuro 
which are known to tnko place under a variety of conditions. Further¬ 
more, ns has been stated, the primary object of this olevntion of blood- 
pressure seems to bo for tho continuance of nourishment to that moat 
important of nil centres, the respiratory ono. A period of anrcmla such 
as occurs during the low-pressure stagos of tho Traubo-Hering waves 
leads promptly, as a rule, to tho cessation of respiration. As long, how¬ 
ever, as the vasomotor centre keeps the blood-pressure higher than that 
of intracranial tension, and at a point sufllcient to keep tho medulla 
supplied with artorinl blood, respiration continues. Thus accompanying 
tho crests of the waves of blood-pressure can be seen respiratory efforts, 
which assn mo more or less the character of tho Choyno-Stokes typo of 
respiration. Tho period of shallow respiration or of nclunl apncea 
accompanies that atngo of the wavo which is associated with cerebral 
anaemia. Such a periodicity of respiration, ns wo shall see, can bo 
demonstrated clinically in association with waves of blood-pressure; 
shallow or passive respiratory efforts accompanying the low stage, 
deep and snoring respirations the rhythntio periods of its elovatlon. 

Tho length of time experimentally during which these reactions can 
endure is considerable, oven under the extreme degree of elovatlon— 
ovor 200 mm. of mercury from a lovel of 90 or 100 mm., In many 
cases—to which we liavo pushed tho blood-pressure, These extraor¬ 
dinary responses under clinical conditions doubtless aro called out only 
iu rapidly fatal cases, such as thoso of hnsnl hcniorrhngo with fracture, 
as has already been instanced. Tho more slowly tho intracranial space 
is compromised probably the longer will tho response hold, In tho ex¬ 
perimental ns well as in the clinicnl cases, unless relief isgivon, a poriod 
coincs at which tho vasomotor eontro weakens, loses its grasp on tho 
great splanchnic field, tho blood-pressure fulls below that of tho intra¬ 
cranial tcusion, the respiratory centra is no longer nourished, and (ho 
individual dies with a low blood-pressuro and rapid heart, whoso action 
may persist for hours, provided Hint tho respiration is continued by arti¬ 
ficial means. 

A striking instaneo of this kind caiiio under my observation a short 
time ago—one which illustrates just such n terminal stago and also tho 
danger of any further increase of tension during tho critical period of 
cerebral compression with bulbar involvement. Tho pationt entered 
the hospital in n condition of profound stupor, with a subnormal tem¬ 
perature, a snoring respiration, a heart beat of fifty to tho minute, a 
high-tension pulse (unfortunately it was before tho days of a practical 
blood-pressure apparatus, and I cannot give tho exact figures), and a 
" Stauungapapillo all Indicating such an increase of intracranial 
tension that tho hull) was in tho condition bordering on tho so-called 
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“ Luhnuingsatadiuni ” of the Germans. With evidence of an old otitis 
media ns a localizing indication, an ojicrntion was immediately per* 
formed. The abscess was dift!cult to liud, Inasmuch as it had no 
apparent communication with tho diseased temporal boue, and in the 
courso of our search, during tho elevation of tho temporal lobe which was 
suspected to harbor it, the respiration ceased. The medullary centre, 
ovidontly suffering already from compression offects, could not endure 
this additional burden. On immediately releasing the pressure, and 
after some artificial respiratory efforts, spontaneous breathing returned. 
On resuming tho search the abscess was finally located and evacuated, 
but tho respiration during tho procedure bad again ceased. This time, In 
spite of artificial respiration, spontaneous breathing was nover resumed, 
though every possiblo means of reawakening it by seusory stimulation 
and othonvlso was resorted to. The characteristic rapid pulse, of low 
tension, indicating a vasomotor failure, had appeared, and at this low level 
of blood-pressuro tho heart continued to beat for twenty‘three hours, dur¬ 
ing which time artificial respiration was continued. Though a careful 
gross and microscopical examination was made of the medulla of this 
cose by Dr, Paton, no lesions worthy of note could bo detoctod. Sim¬ 
ilar instances of respiratory failure anticipating tho cardiac failure by 
many hours have been reported by Victor Horsley, Mace wen, and 
Hudson. 

It Ims been heretofore |>ointcd out that in death from a fatal increaso 
of intracranial tension tho arrest of respiration precedes that of tho 
heart, Hack of tho respiratory failure, however, in the majority of 
cases, and responsible for it, if wo may judge from experimental evi¬ 
dence, stands the collapse of tho vasomotor regulatory mechanism, 
which up to this timo has held the blood-pressuro at a height sufficient 
to overcome tho abnormal extravnscular tension at tho medulla. Prompt 
surgical relief, with a wido opening of tho calvarium, may save life even 
in desperato cases with pronounced medullary involvement. Thus an 
oxlonsivo craniectomy may completely, though temporarily, ward off 
tho serious attacks which accompauy the increasing tension of an Intra¬ 
cranial growth. In acute cases, on the other hand, ns in those of hem* 
orrhngo accompanying basal fracture, I believe that in the majority 
uf instances tho pressure symptoms may bo completely and perma¬ 
nently warded off, 

Two years ago there was brought to tho hospital a small boy who had 
fallen, as a child falls, head downward, from a third-story window to 
a basement below, His skull find been fissured in all directions, liko a 
fallen egg-shell, and when first seen he was nearly in tho ” Lahmungs* 
stadium ” of compression—comatose, with a slow pulao of very high 
tension, a Choyiio-fitokos respiration, and convulsive spasms of the 
Kussnmul-Tcnnor typo, resembling those seen during tho period of cere- 
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hrftl auieinia in llio experimental conditions, An immediate operation— 
laying back the touse scalp by anterior and posterior flaps, such ns arc 
made on the autopsy-table, with elovntion of largo plates of depressed 
bono and the removal of mnuy fragments—resulted in tho immediate 
relief of nil bulbar symptoms. Tho brain itself, however, was so homor- 
rhagio and disorganized that there seemed to be little hope of its over 
returning to a functional condition. For threo weeks tho patient lived 
the life of a spinnl animal, unconscious and with absolutely no sponta¬ 
neous movement, but with normal pulse and respiration and normal 
visceral reflexes, so that ho would swallow when liquid was put in tho 
back of his mouth. Not until twenty-one days of this absolutely passive 
state had elapsed was there evidence of tho return of somo cerebral 
activity by a slight motion in ouo hand and tho occasional fcoblo eleva¬ 
tion of tho eyelids. Ho ultimately nmdo a complete recovery, but lmd 
narrowly escaped nt tho time of operation tho period of vasomotor 
paralysis. 

It must be remombored, howevor, that the sudden removal of pressure 
from tho brain when tho blood-pressure has been forced to considerable 
heights may bo followed by a paralysis instead of a release from tho 
major compression symptoms. Tho occasion of this is readily brought 
out by post-mortem examinations, wldch, undor such circumstances, 
oftentimes discloses a brain and medulla of a uniform cherry*red color, 
from tho widespread extravasation of blood due to tho multiple rupture 
of tho minute bloodvessels. The oxternal supporting pressure of tho 
high intracranial tension has been suddenly removed, leaving tho in¬ 
ternal or intravascular pressure too great for tho strength of tho vessel 
wnlis. 

An ojlfiortunity was recently offorod, in I)r, Osier’s wards, to follow 
through tho paralytic atago of compression a patient for tho relief of 
whose condition operative interforeuco had been refused. A brief rela¬ 
tion of tho clinical observations mado in this caso may more closely 
bring into line tho hedsido observations with some of these experimental 
experiences. . 

The patient was brought to the hospital with tho history of indefinite 
mental symptoms which had oxtendod over a period of some weeks. 
Ho had bccomo somnolent and apathetic, and had gradually lost tho 
use of tho entire loft side. Examination showed nil individual in 
stupor who would not reply to Interrogation, but could bo roused 
sufficiently so that ho would show his tonguo and open his eyes. The 
eyeballs themselves seemed somowhnt prominent and the lids aomowhnt 
congested. A bilateral choked disk of advanced degreo was present. 
Tbero was apparently complete motor paralysis of the left arm and leg, 
with somo nmestheaia, Tho right leg was also paralyzed, and the in¬ 
creased muscular tonicity of tho right arm showed tlmt paralysis might 
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1)0 expected thcro. There was no acceleration of tho pulse (80). The 
respiratory rhythm was unaltered. Tliero was no abnormal increase in 
blood-pre&juro. It was evident that sonio local process was present in the 
right brain, tho tension from which was transmitted hi sufficient degree 
to tho opposite hemisphere to causo profound alterations in circulation, 
as shown hy tho pressure paralysis and by tho change in tho fundus 
oculi, No symptoms, however, had yet given evidence of any circu- 
latory disturbance in tho remoto situation of the bulb. At tho end of 
fivo days, with a gradually deepening stupor, the medulla began to 
show signs of involvement, chiefly as an increased tension of the pulse. 
As in tho experimental conditions, when tho intracranial tension about 
the bulb is slowly and gradually brought to tho neighborhood of tho 
blood-pressure tho latter may riso to counteract its effects, without the 
production of tho slow vagus pulso and deliberate respiration almost 
invariably seen in moro rapid processes. 1 

At the timo of this beginning period of bulbar involvement a needle 
was inserted in tho lumbar meninges and tho pressure there registered 
—as I believo tho pressure should always bo recorded in caso of lumbar 
puucturo—hy connecting a long glass rod of small bore with tho needle, 
and hy measuring in this way the height to which the column of fluid 
rises. It should normally equal tho venous blood-pressure, about 4 
mm, of Hg. In this particular cose tho fluid roso to a height corre¬ 
sponding to 44 mm, of mercury. Evidently tho local iucrcaso In ten¬ 
sion was transmitting its effects, although in diminished degree, to tho 
remotest part of tho corobro-spinal space. Tho blood-pressure mean- 
whilo measured between 180 and 200 mm. of morcury. By means of 
the hi ocm! -pressure apparatus, furthermore, tho rhythmic waves of arte* 

1 For Iho pn>i«r estimation of gradual alterations In arterial pressure In clinical cases reliance 
should not he placed alone on the palpating Anger any moro than that the hand should be 
depended upon for the determination of a patient’s temperature. The arterial pressure should 
be spoken of in figures, Just as Is the temperature and pulse rate, and not In the loose way gener¬ 
ally employed, in which wo describe it as '• weak," or" thready," or “ bounding," clo., as tho 
case may be For this jairpose we ihould havo a plotted record of tho pressure, since It Is of 
far greater lmt>ortance lu all conditions, surgical and medical, than Is the pulse-rate which we 
so studiously record. There are today simple forms of apparatus which may bo easily sot up 
and employed for practical purpose*. Tho particular form which has been Introduced Into 
tho wards of the Johns Hopktns Hospital w as demonstrated. It requires no particular familiar¬ 
ization for Its satisfactory employment. It represents the JUva Uocel apparatus In Us simplest 
form, and consuls of a diitonslblo rubber armlet mado to encircle tho arm or leg, and which 
may bo Inflated until the peripheral pulse la shut off. Tho degree of tension necessary to 
accomplish this is registered on a ilmplo mercury manometer Inserted between the armlet and 
the pump used for the inflation. It Is true (hat this appciratus gives us simply a measurement 

of systolic pressure, and as Brush nud Howell havo recently emphasized, such a systolic press¬ 
ure docs not represent ihc mean blood-pressure. As • mailer of rail, however, only In eseep- 
llonal Instances Is there an Inequality iu tho variations of systolic and dlastollo pressures so 
marked as to bcof clinical Import, and tho simplicity of this apparatus as a means of obtaining 
one of them, tho systolic, renders It of Inestimable value as a clinical" Instrument of pro 
cUlon." Tho Mosso apparatus registering diastolic pressure, the Uirtner tonometer, and the 
Hill apparatus with spring manometer, nil possess for clinical purposes Insurmountable dis¬ 
advantages. 
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rial pressure could bo easily made out. If tho encircling band of the 
apparatus about tho upper arm was held at a sufficient degree of tonslon 
to collapse tho brachial artery, and so to obliterate tho radial pulso at 
tho wrist, after a fow momenta tho pulso would appear for a short tlnio 
and then onco more fado away, but only to again reappear in this wavo* 
like fashion. A similar and associated periodicity of respiration, fur¬ 
thermore, was seen to bo taking place. Coincident with tho crests of 
tho blood-prcssuro waves occurred active periods of respiration, with at 
tho aamo timo a wide dilatation of tho pupils and tho swinging out of 
tho eyeballs in conjugate deviation toward tho side of tho lesion. 
Coincident with tho periods of low blood-pressure occurred tho shallow 
respiratory action, and at such times there was usually an asymmetrical 
condition both as regards the size of the pupils and tho position of tho 
axes of tho globes. 

Other aud detailed analyses of symptoms I will pass ovor, merely 
wishing to draw nu analogy with the experimentally induced processes 
of like nature, After about twolvo hours of the high-tension pulso tho 
vasomotor centre began to show Bigns of failure, tho blood’pressure 
gradually dropped, tho tension of tho corobro-spinal fluid in tho cord 
fell considerably, ns was told by a second lumbar puncture, 1 and tho 
patient finally died from a respiratory failure, leaving tho rapid- 
running, uncontrollable pulse of complete vasomotor relaxation to end 
the story. 

Clinical corroboration of these experimental data which have been 
given might l>o drawn from a multitude of cases. An iuBtnnco of tho 
effect of local compression in tho near neighborhood of the medulla 
was given by a recent enso of cyst of tho cerehollum which was seen In 
Dr. Osier’s clinic. As has been stated, tho local compression effects are 
most pronounced in tho immediate vicinity of tho compromising body. A 
growth in tho cerebellum consequently is ono which Is apt to suddenly 
throw out of action by circulatory embarrassment tho regulatory centres 
in tho medulln. This may occur boforo other ahsoluto evidence of its 
prcsenco has been given, nnd in this particular oaso tho diagnosis of an 
intracranial growth had not boon definitely mndo. Krorn tho remote* 

' Juii how much stress may be laid upon the measured tension of the fluid in the spinal 
meninges for purposes of diagnosis and for (be estimation of degrersof concomitant lnlra* 
cranial tension, I am unable at proaent to stale. Certainly In localized Intracranial processes 
it doei not represent, *j r. Bergmann'a theory would Indicate, the degree of "lllmdruck,” 

as this case clearly evidences for a general compressing force of tlmin. of mercury la by no 

means a fatal one. Presumably the dislocation downward of the brain, and consequent block¬ 
ing of the foramen magnum, plays a certain part In shutting off the spinal fluid from the 
cflVcli of tension existent within the cranial chambers. Nevertheless, In the cases of cerebral 
tumor In which I hare performed lumbar puncture, (hero bu been *omo abnormal Incrcaie 
in the tension of the spinal fluid. In the clinical states representing conditions of general 
compression, aucb a* meningitis, acute cerebral oedema, subdural hemorrhage, do., the ten¬ 
sion of the fluid tu the lumbar meninges more nearly corresponds with tho intracranial tonslon 
which Is producing the compression symptoms. 
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nm of the process to the ophthalmic veins tho vascular disturbances of 
compression duo to venous stasis were not transmitted to tho oye-grounds, 
which were normal in appearanco, Tho patient complained of some 
occipital headaches, of weakness, ami there was some exaggeration in 
tho deep reflexes. A lumbar puncture had been performed, evidencing 
but slight, if any, increase in tho tension of the fluid in the spinal men- 


>*IO 10. 



Photograph of the base of tho brain of a case which died from compression eliteU of a cere¬ 
bellar cyit. The dotted lino correspond) to the imprint of the edge of the foramen magnum 
A mould of tho upper part of the fjdnal canal I) made by the Included portion of cerebellum 
and medulla. 

luges. Tho patient unexpectedly one night passed into the stage of 
medullary iuvolvcmont, with loss of consciousness, t\ slow vagus pulse, 

ntortorous respiration, and a very high blood-presaure, which, unfortu¬ 
nately, owing to the urgency of tho case, was not registered, but which 
was said to have occasioned nu almost incompressible pulse. In a short 
time tho vasomotor mechanism gave way, respiration ceased in con¬ 
junction with the fall in blood-pressure, and, as in the majority of 
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these conditions, tho heart continual to Inuit for some time after death 
had actually ensued. 

The accompanying photographs (Figs. 10 and ll)show in this cOso tho 
marked dislocation downward into tho fornincu nmgnum of tho medulla, 
together with a surrounding ring of cerebellum. Whether this disloca¬ 
tion, as has been suggested in the case of lower ntiimnls, could allow tho 
medulla in any way to escape from tho compression effects, or whether 
it would actually increase their action, must remain a question of uncer¬ 
tainty. 

There are other |K>into of interest concerning which my curtailed time 
forbids making more than passing moution. Tbo pulsation of tho 
brain, for instance, which, on Mosso's principle of tho plethysmograph, 
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Posterior view of Mine, showing cy»l and jorUon of rerebcllar mould of spinal c*nil. 


increases pari passu with tho increase of intracranial tension, becoming 
most marked whon the pressuro from without and tho blood-prcssuro 
correspond, may give tho surgeon at times valuable data. When trans¬ 
mitted to the artificial cerobro-apinal fluid, as in tho experiments, it 
may even exceed in the length of tho manometrio excursions thoeo of 
tho arterial pulse itself. It is perhaps worthy of noto that tho char¬ 
acter and height of this pulso-wave do not correspond exactly to that 
of the arterial pulw. 

Of interest also is tho question of vasomotor nervo supply to tho 
cerebral vessels themselves. Undoubted experimental evidenco of their 
presence has baffled physiological Investigation, although tho anatomist 
seems to have already prepared the ground by a histological demon- 
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stration of their presence, On tlio clinical Bide also the existence of 
such nerves would ho favored by instances aucli as the recurring appear- 
anco of paresis or aphasia in cases of Raynaud's disease in association 
with evidences of local vasomotor spasm of other territories of tho body, 
If, however, one may draw conclusions from the mechanism of the 
vasomotor centre above described, a mechanism which constricts tho 
vascular fields of the body, thus raising the blood-pressure hi order 
to supply an amende medulla with blood, a corresponding narrow¬ 
ing of the cerebral vascular field from tho same stimulus would 
seemingly counteract tho conservative object of this mechanism. Con¬ 
trary to tho positive statements of many, substances liko epinephrin 
will blanch the pial vessels over the area of its application, os will occa¬ 
sionally ft jet of cold water against tho brain or the faradic current used 
for cortical stimulation. Whatever part, howevor, the cerebral vaso¬ 
motor system may play, if such a system thero be, it certainly is con¬ 
trolled from centres and by inilucncca other than thoso which cnll into 
play tho vasoconstriction in the peripheral and intra-abdominal fields. 

From this rnthor superficial reviow of the alterations lu tho cerebral 
circulation as they are influenced by varying degrees of compression 
somo effects stand out with especial prominence. 

In tho first place, tho venous stasis, which becomes apparent on but a 
moderate inerenso of tho tension, fortunately gives early evidonco of 
itself in tho oye-grouiids except in thoso eases of local compression, in 
posterior basic meninges, for example, so remotely situated that tho 
compression effects are not readily transmitted ns far ns tho cavernous 
sinus and ophthalmic veins. Furthermore, local pathological processes, 
such ns nro confined to tho hemispheres, may bo responsible for local 
circulatory disturbances sufficient to causo a cessation of function 
of a large part of the forebrain without leading in any way to a corre¬ 
sponding implication of tho medulla. When, however, tho local process 
is in tho near proximity of, or, if remote, when its effects nro so far 
reaching that tho vital centres of tho bulb are compromised, tho one 
symptom which with regularity is called forth, and which betokens n 
serious alteration in tho local circulation, is ft persisting rise in blood* 
pressure, which may or may not be associated with a pronounced vagus 
pulse, with rhythmio nltemtlona iu blood-pressure and with a retardation 
or poriodicitios of tho respiration approaching a Cheyne-Stokes type. 

Tho first and minor symptoms of compression are found in asso¬ 
ciation with varying degrees of intracranial venous stasis, the major 
symptoms of “ Ilirndruck," with an npproaching capillnry anremia of 
the medulla. 



